Context: Orchid produces a huge number of minute seeds but the seeds can not germinate easily in nature due to the lack of endosperm in the seeds is an incompatibility barrier that limits its propagation in nature.
Introduction
There are thousands of commercial orchids (fam: Orchidaceae) that are artificially grown for their beautiful flowers and glycosidal importance. An orchid plant having flowers can easily be kept within a residential or bedroom in fresh condition for long time as a symbol of beauty (Rahman et al. 2008) . Orchid flowers with persistant parianths in which the segments do not drop as in many other flowers are of high value as cut flowers. Flowers of Vanda, Cattleya and Phalaenopsis remain fresh for 1-2 week, Cypripedium and Paphiopedilum last for a month and Cymbidium spikes remain fresh for 3-4 weeks (Bhadra 1999) . Roychowdhury and Mishra (2001) reported that some orchids have medicinal properties, such as blood clotting in wound (Cymbidium giganteum), antidote for poisoning and abdominal complaints (Vanda tessellata), healing of wounds (Cymbidium aloifolium), hysteria (Vanda spathulata) and oral contraceptives (Cymbidium madidum).
Orchid is a vegetative propagated plant. It produces a huge number of seeds but the seeds can not germinate easily in nature due to the absence of endosperm in the seeds is an incompatibility barrier that limits germination of orchid seed in nature. Seeds usually germinate in symbiotic association with some species specific mycorrhiza (a kind of symbiotic fungus) which supplies nutrient to the germinating undifferentiated orchid embryos. Therefore, the presence of species specific mycorrhiza is as important factor for the distribution of orchids in nature (Bhadra 1999) . Moreover, orchid seeds have poor germination capacity that may be ruined very quickly in nature of favorable environment.
Because of this problem orchid has been propagated vegetatively in nature, which is very slow process. Thus, in vitro culture techniques are now adopted for quick propagation of commercially important orchid species (Goh 1982, Sagawa and Kunisaki 1982) . Orchid seeds are artificially germinated for commercial purpose and the germinated seedlings are raised 'enmasse'. Micropropagation of orchid could also be done with the use of aseptically grown seedlings (Bhadra 1999) . This investigation was undertaken to establish an efficient regeneration protocol for micropropagation in orchid Vanda tessellata through shoot tip culture.
Materials and Methods
For this experiment, shoot tips collected from in vivo grown V. tessellata plants from Rajshahi University Campus, Rajshahi, Bangladesh, were used as explants. The explants were surface sterilized with 0.1% mercuric chloride solution. The excised shoot tips were cultured in MS medium (Murashige and Skoog 1962) supplemented with different concentration and combinations of auxin and cytokinin. The cluster of multiple shoots was rescued aseptically from the culture vessels and the single shoots with basal segments were separated. Shoot tips were cultured on MS medium supplemented with different concentrations of BAP, NAA, IAA and KIN individually and in combinations with NAA, IAA, BAP and KIN to find out optimum medium formulation for induction of multiple shoot from the isolated shoot tips. The separated single shoots were sub cultured on fresh MS medium supplemented with different types of growth regulators either singly or in combinations for further proliferation and root induction. In all the cases, pH was adjusted to 5.8 and the media were autoclaved at 121°C for 20 minutes under 15 lb inch -2 pressure. The culture was incubated at 25 ± 2 °C with a photoperiod of 16 h at 2000-3000 lux light intensity of cool white fluorescent light. Twenty explants were used for each treatment and each experiments replication for thrice.
Results
The inoculated shoot tips started their initial growth by increasing in length with in colour after 7 days of inoculation. The results in respect of the explants responded, their percentage and days required to formation of multiple shoot and mean number of shoots per explants are presented in Tables 1 and 2 . It was observed that combine effect of NAA and BAP was more effective for multiple shoot formation from shoot tips than the single effect of NAA, IAA or KIN. The highest percentage (90%) of multiple shoot formation was obtained on media having 1.5 mgl-1 NAA + 1.0 mgl-1 BAP (Fig. A) (Table 2 ).
The tiny multiple shoots developed from shoot tips were carefully rescued after 45-50 days of inoculation. Then the multiple shoots were transferred in agar gelled MS medium supplemented with various growth regulators viz. BAP, NAA and KIN either singly or in combination of different concentrations for multiple shoot proliferation. Among different concentrations, 1.5 mgl-1 NAA with 1.0 mgl-1 BAP showed the best formulation for shoot elongation and highest 90% shoots elongation was observed as well as the highest mean shoot length was 3.9 cm after 28 days and 5.9 cm after 35 days of inoculation (Fig. B) . Three parameters on multiple shoot induction namely, number of shoot per explants, multiple shoot formation frequency (%) and mean length (cm) of the shoots (after 28 days and 35 days of culture) were considered for standardization of suitable media composition for this purpose.
For root induction, elongated shoots (height of about 3-4 cm) were individually cultured on MS media supplemented with different concentrations and combinations of IBA with NAA (Fig. C) . Results of this experiment are presented in Table 3 . For this experimental orchid species the highest percentage of roots/shoot were 100% in the treatment (Fig. D) . In vitro grown V. tessellata well-rooted plantlets showed 95% survival under the natural condition ( Fig. D-E) . The acclimatized plants grow normally, produced flowers (Fig. E) , born fruits and were similar in performance to that of nature.
Discussion
Combined effect of NAA and BAP was more effective for multiple shoot formation from shoot tips than the single effect of NAA, IAA or KIN. Similar result for shoot multiplication in Rhynchostylis retusa was obtained on MS + 2 mgl-1 IAA + 0.5 mgl-1 KIN (Ahmed 1996 , Malabadi et al. 2005 . Sheelavantmath et al. (2000) ; Seeni and Latha (2000) obtained multiple shoot formation in Geodorum species with a treatment of NAA (2.0 µM) + BAP (5.0 µM) as well as they obtained root induction from the induced multiple shoots with BAP 5.0 µM within four weeks of culture. Moreover, Jthan et al. (1994) found successful plant regeneration in orchid with a combine hormonal treatment of 1.0 mgl-1 NAA, 1.0 mgl-1 2, 4-D and 0.1 mgl-1 Kin. In the present experiment Vanda tessellata showed the highest percentage of roots/shoot were 100% in the treatment of 1.0 mgl -1 IBA+ 0.5 mgl -1 NAA (Fig. D) . Similar results for root induction was obtained in orchid (Vanda coerulea) in a medium having 11.42 µM IAA (Ravindra et al. 2004 , Kusumoto 1992 . William et al. (2003) obtained successful root induction in Vanda species onto MS medium having IBA 40.0mM and IAA 12.6 mM. In this experiment, the highest mean number of roots per explant was 3 after 14 days and 6 after 28 days of culture. In the same medium, the mean length of the longest roots was 3 cm after 14 days and 4.90 cm after 28 days of culture.
Conclusion
The results suggest that combine effect of IBA and NAA is more effective for root induction. On the other hand, single effect of IBA, NAA or IAA was proved to be less effective for root induction from the elongated shoot. So, an efficient regeneration protocol for micropropagation in V. tessellata through shoot tip culture has been established.
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